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The film-forming ability of chitosan polymer loaded with ketorolac tromethamine (KT) was evaluated. Films were prepared by a casting/solvent evaporation technique from plasticizer -free and plasticizer containing aqueous solutions. Glycerol, sorbitol, and 1-erythritol were used as plasticizers. Solid state of the films was studied by powder X-ray diffractometry (PXRD), and differential scanning calorimetry (DSC) . The plasticizing efficiency was evaluated by measuring the physicomechanical properties as modulus of elasticity, tensile strength, percent of elongation and swelling ratio. The medicated films -plasticized or free -were clear and colorless. A plasticizer concentration of 20% (w/w of polymer weight) was sufficient to obtain flexible films with all tested samples. X-ray diffration patterns and DSC thermograms indicated an amorphous state of the films independent on the type of the plasticizer used. The results have showed that, incorporation of different polyols as plasticizers improves the consistency and the physicomechanical properties of the films. The plasticizers effect was dependant on the hydrophilicity and chemical structure of both plasticizer and polymer. The release profile of the drug was also significantly increased by addition of polyols as plasticizers. Moreover, the drug release pattern was found to follow Higuchidiffusion model.
INTRODUCTION
Chitosan (Fig. 1A) is a cationic natural polysaccharide generally considered as a safe, biocompatible and biodegradable material 1 . During the last 20 years, chitosan has been evaluated for numerous pharmaceutical applications (e.g. direct compressible vehicle, wet granulation excipient, wetting agent, gel forming material, emulsifying agent and recently as a film coating agent).
Commercially available chitosan is not well characterized regarding molecular weight as well as degree of deacetylation, therefore, it must be necessary to continue investigation the physico-mechanical characteristics of chitosan films for the in-vitro as well as in-vivo performance.
Higher molecular weight chitosan has been reported to have good film forming properties as a result of intra-and intermolecular hydrogen bond 2 . The chitosan film characteristics, however, varied from one study to another. Difference in the sources of chitin used to produce chitosan, chitosan material properties, solvents used methods of film preparation, types and amounts of copolymers and plasticizers used may affect the physicochemical characters of the obtained polymeric films 3 .
Chitosan has also been assessed for its potentiality in the development of controlled release systems and for targeting drugs to specific sites 4 . Various drug delivery systems based on chitosan have been described in the literature 5 chitosan in sustained release system has been assigned to its polymer character, including gel -as well as film-forming properties. The incorporation of a plasticizer is necessary to obtain a proper film with optimum physicomechanical properties defects such as hardness, brittleness, and splitting. Plasticizers are added to polymeric films to increase the flexibility or distenibilty of polymeric materials. For a plasticizer to be effective, it must be able to diffuse and interact with the polymer chain and must be able to have a minimal or no tendency for migration, exudation or volatility 6 . Physicomechanical testing can be used as a useful guide in predicting not only film integrity performance 7 but also in comparing the effect of plasticizers in film samples as a function of formulation, compatibility, type and concentration 8 .
The mechanical parameters may be used for comparing film samples as a function of formulation factors, surfactant added and solvent system or polymer combination 9 .
In the present study, chitosan films prepared by solvent evaporation technique were evaluated. The morphology, solid-state properties and the effect of different plasticizers on the physicomechanical properties of chitosan films were investigated. Furthermore, the mechanical parameters and swelling ratio were correlated with the chemical structure of both plasticizer and chitosan polymer. Ketorolac tromethamine was selected as a model drug. It is a potent nonsteroidal anti-inflammatory drug, used practically for the treatment of pain. However, it has side effects including GI irritation when administered orally 10 . One promising method is to administer the drug via skin.
The main aim of this work was to develop medicated chitosan films to study the effect of polyol plasticizers on both physicomechanical properties and the release profile of the drug. 
EXPERIMENTAL

Materials
Methods
Film preparation
The films were prepared by a casting solvent evaporation technique as follows: a weighed amount of chitosan (2.5 g) was dissolved in an aqueous acetic acid solution (25 ml) with a constant stirring for 48 hours to give chitosan solution (10% w/v). For the preparation of medicated films, 0.01 g of ketorolac trometamine (KT) [4% w/w of polymer] was dissolved in 10% w/v chitosan polymer with or without different types of plasticizers at 20% w/w of polymer (Glycerol, sorbitol and 1-erythritol). The resultant solution was left to stand until all air bubbles disappeared, then 8.5 ml of the bubble free liquid was poured into circular teflon mold (8 cm in diameter) on dust-free-leveled surface, and left to dry at room temperature (25±0.5°C) for 24 hours. The dried films were evaluated within one week after their preparation 11 .
Drug content uniformity of the films
To ensure uniform distribution of KT in the prepared films, a content uniformity test was performed. Samples representing different regions of the film were cut and weighed, and KT was extracted with 1:1 solvent of acetonitrile and ethyl alcohol (V/V) twice for 12 hours at room temperature. The extracts were kept and the absorbance was measured spectrophotometrically at 324nm, and the drug concentration was calculated.
Film thickness
The film thickness was determined at ten points of the film, using digital micrometer, and the film thickness was evaluated and found to be 27±0.2 µm.
Viscosity determination of plasticized chitosan solution
The viscosity of chitosan solutions in aqueous acetic acid was determined using Ul-Adaptor of speed of 0.3 RPM at 37°C. After a specified time of 5 minutes a constant reading was taken.
Scanning electron microscopic studies of the prepared films
The cross sections of the chitosan films were examined by electron microscopy (SEM). The test sample was attached to the metal stubs with double pressure sensitive adhesive tape and coated with a thin layer of platinum to improve the conductivity. Scanning electron photomicrographs were taken at 15000 x magnification.
X-ray diffraction
The X-ray diffraction patterns on powder and medicated films (free or plasticizers) were obtained using a Philips 1700 series diffractometer. The apparatus is equipped with a curved graphite crystal monochromater, automatic divergence slite and automatic controller PW/1710. The target used was CuK α radiation operating at 40 Kν and 30 mA (λ Ka= 1.54 18 A). The system was calibrated using silicon disc and/or powder (d 111 = 3.1355 a) as an external standard. The diffraction pattern was achieved using continuous scan mode with 2θ°r anging from 40° to 60°.
Differential scanning calorimetry (DSC) of the prepared samples
DSC was carried out on chitosan powder as well as their corresponding films (free or plasticizers). The procedure involved heating the accurately weighed sample (5 mg) encapsulated in an aluminum pan at a predetermined scanning rate (10°C/min) and over a predetermined temperature range 30°C to 400°C in the presence of nitrogen flow rate of 40 ml/min. A similar empty pan was used as a reference under the same conditions.
The temperature difference between the sample and the reference was represented graphically in relation to differential heat flow.
Mechanical strength measurements of the prepared films
A tensile testing instrument (Instron Model 1128-USA), was used to determine the mechanical properties of chitosan films. The films were cut into 2.5×6 cm and placed into the grips of the testing machine. The gripes are evenly and firmly tighten to a degree, which is necessary to prevent slippage of the specimen during the test, but not to the point where the specimen would be crushed.
Elongation as a function of loads added was recorded at the moment of rupture. Both film breaking and the percent of elongation at break were determined.
Tensile strength
Tensile strength can be computed from the applied load at rupture and the cross sectional area of fractured film as described in the following equation 12 .
Breaking load (Kg) Cross-sectional area of the film (cm 2 )
Tensile strength = Cross-sectional area of the film equals to the width of the film (cm) multiplied by film thickness.
Elongation
Elongation is usually measured at the moment of the film rupture (percent of elongation at break) and can be computed from this equation:
Where: L o = original film length, and L s = film length after elongation.
The modulus of elasticity of the film was calculated from the slope of the linear parts of the stress-strain curve.
Each experiment was performed in duplicate and the mean value was taken.
Determination of swelling ratio of the prepared films
A known weight of the dried films was placed in a phosphate buffer (pH= 6.8) for the required period of time. The swollen film was removed and blotted between filter paper to remove adsorbed buffer then immediately weighed. The weight of the swollen film was recorded at time intervals of 0.5, 1.0, 4.0, 6.0 and 24 hours 11 . Each experiment was repeated three times, and the average was calculated. The swelling ratio Q, of the film was represented by 13 :
Weight of the swollen sample
Weight of dry sample
Drug release from the prepared chitosan films
The release experiments were performed according to paddle method (JP x II) at a rotational speed of 50 rpm, which was the optimum speed to prevent film rupture. The release medium was 400 ml of phosphate buffer (pH= 6.8) equilibrated at (37°C±0.5°C). It was taken into consideration that the used buffer volume offered sink conditions.
To avoid water evaporation, the vessels were covered with an aluminum foil during the experiments. The film was carefully pressed into the bottom of the glass vessel by the aid of silicon adhesive. At time intervals 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0 and 6.0 hours, 5 ml sample was withdrawn and replaced by an equal volume of fresh release medium previously equilibrated at 37°C.The amount of drug released (mg) was measured spectrophotometrically at λ max 324 nm, and plotted as a function of time.
A cumulative correction was made for the previously removed samples in determining the total amount of KT released according to the following formula:
C n = C n meas + 5/400 Σ C s n-1 meas Where: C n meas = spectrophotmetrically measured concentration. C n = concentration of the n th sampling expected in the receiving medium if previous samples had not been removed.
Q =
n-1 = total volume of all samples removed prior to a sample being measured. Cs = total of all spectrophotmetrically measured concentrations at n-1 samples 14 .
Statistical analysis
Analysis of variance on SPSS software package (version 9) (SYSTAT statistical program) was used to test the obtained data. Probability value ≤ 0.05 were defined as significant throughout the present study; however the value > 0.05 was defined as non-significant. Probability value between 0.05 and 0.01 (both are included)
were evaluated as significant, whereas that less than 0.01 were defined as highly significant.
RESULTS AND DISCUSSION
Drug content uniformity
Ketorolac tromethamine (KT) was extracted from different regions of chitosan film using acetonitrile: Ethanol (1:1) solvent system. After normalization of the amount of Ketorolac tromethamine on weight basis of film, the results show that the variation in the distribution of Ketorolac in different regions of the film was < 5%.
Scanning electron micrographs (SEM)
SEM of cross-sections of free films is presented in Figure 2 . This figure showed that the structure of the films is homogenous without any micro-phase separation. Thus the films were suitable for further evaluation.
X-ray diffraction study
To get further evidence on the solid state change, X-ray diffraction spectra were carried out on chitosan powder and their corresponding medicated films either free or plasticized. X-ray diffraction patterns of chitosan powder show diffraction peaks at approximately 10° (2θ) &20 (2θ). The diffraction patterns of KT also show numerous diffraction peaks at 7.81, 14.70, 22.29 and 24.57 degree, indicating its crystalline nature (Fig. 3) .
When processing chitosan powder into films, an amorphous state of the films is formed independent on the type of plasticizer used. These results are in agreement with Nunthanid et al. 3 who have reported that all chitosan films were in the amorphous state or in a partially crystalline state.
Differential scanning calorimetry (DSC)
The DSC thermograms of chitosan powder and their corresponding medicated films (free or plasticized) were performed to investigate the effect of different plasticizers on the structure of chitosan in the obtained films.
DSC thermograms of chitosan powder exhibited broad endothermic peaks due to water loss at 75-90°C and exothermic decomposition peaks at 309-312°C (Fig. 4) . The DSC thermograms of untreated KT show two endothermic peaks, the first peak Kcal/Kg, and the second peak point at 64°C and ∆H= -32.45 Kcal/Kg (Fig.  4a ). The DSC thermograms of the corresponding medicated films (free or plasticized) show the absences of other endotherms in the DSC thermograms beside the broad endotherm at 100°C (Fig. 4b,c,d) . The same results were obtained by Lim and Wan 15 , also, by Nunthanid et al. 3 who have proven that chitosan films were in amorphous to partial crystalline forms. These results were also confirmed by the X-ray diffraction results.
Effect of inclusion of different polyols plasticizers on the mechanical properties of medicated chitosan films
The modulus of elasticity is an important factor in determining the degree of hardness, flexibility and stiffness of polymeric film. The values of modulus of elasticity for all chitosan films under investigation were shown in Table (1) . The modulus of elasticity of nonplasticized film was found to be (0.261). This value is relatively high and indicative of brittleness and hardness of the obtained films. The inclusion of plasticizer in the film reduced the modulus of elasticity. This may be attributed to weakening of the intermolecular attractions between the chitosan molecules allowing the polymer molecules to move more freely resulting in an increase in the flexibility of the medicated films.
Table (1) and Figure (5) show that the addition of plasticizers had a considerable effect on the modulus of elasticity of chitosan films. From the obtained results, glycerol show the greatest effect on reducing tensile strength, modulus of elasticity and increasing the percent of elongation, whereas soribtol had the lowest effect. The effect of polyols plasticizers on reducing the modulus of elasticity of medicated chitosan films can be arranged according to the following order: Glycerol > erythritol> sorbitol. This may be explained by the probability of hydrogen bonding between the free hydroxyl groups of the glycerol and carbonyl oxygen of amide group. The probability of hydrogen bonding, in addition to the smaller molecular weight of glycerol rendered glycerol occupying the first sequence. Eythritol had four hydroxyl groups which also can form hydrogen bonds with carbonyl oxygen of amide group. It could be expected that the probability of hydrogen was decreased; therefore, erythritol had a moderate ability to break the polymer intermolecular attractions and hence had a lower effect than glycerol. Sorbitol had the lowest ability to increase the flexibility of chitosan films. This is may be attributed to the high molecular weight of Soribtol as compared to the other investigated polyols plasticizers used in this investigation, thus hindering its ability to diffuse and interact with the active groups in the polymer molecule.
These results are in agreement with Qun Wang et al. 16 who have investigated the effect of different Polyols of plasticizers on the mechanical properties of chitosan films. The authors have found that, glycerol blend films showed decrease in the tensile strength in comparison with films plasticized with sorbitol and erythriyol. In another study, a b c Srinivasa et al. 17 investigated the effect of inclusion of different plasticizers on the mechanical properties of chitosan films. The authors have found that the tensile strength of the chitosan films decreased with the addition of polyols and fatty acids, whereas the percent of elongation was increased in polyols blend films, but fatty acid blend films showed no significant differences.
Effect of inclusion of different polyols on swelling ratios of medicated chitosan films
Chitosan films were prepared from 10% w/v chitosan in aqueous acetic acid (1% v/v) and then were evaluated for their swelling characteristics in phosphate buffer of pH= 6.8. At the end of swelling time (24 hrs), the films became denser with subsequent change in color from colorless to white (Fig. 6 ). The swelling behavior of chitosan is represented by the relation between the swelling ratio Q of the swollen films and time. It is obvious that, the equilibrium swelling occurred in the first 20 min and no weight increase was recorded thereafter up to 24 hrs. these results could be explained by the cross-linking between cationic amino groups of chitosan and phosphate anions of the buffer, first, the films absorbed water, began to swell, and the amino groups of chitosan were simultaneously protonated. Phosphate anions from the medium penetrated the swollen film to cross-link with quaternary ammonium groups of chitosan molecules. These explanations are in agreement with those reported by Kanke et al. 18 . The authors have reported that the equilibrium swelling of chitosan film in phosphate buffer of pH= 7.4 was reached within the first 30 minutes and no weight increase thereafter up to 24 hrs has been observed. On the other hand, Nunthanid et al. 3 determined the swelling of chitosan films as a volume increase and found that the films swollen greatly in phosphate buffer (pH= 7.4) at an initial period of 15 minutes and then decreased in volume by time.
Incorporation of different polyols with medicated chitosan films can modify its hydrophilicity. The presence of plasticizer molecules in a chitosan system tends to disrupt crystallinity of chitosan in the blend. Disruption of crystallinity would increase the amorphous content and therefore increase the swelling of the blend 19 . These plasticizers can be arranged according to their magnitude in increasing the swelling ratio in the following order:
The highest swelling ratio of medicated chitosan films containing polyols may be due to the hydrophilic/ hydrophobic nature of these plasticizers. The hydrophilic nature of sorbitol may be explained on the basis of the probability of hydrogen honding between six hydroxyl groups of sorbitol and water molecules. Due to this consideration, sorbitol, the first member of the polyols, had the highest effect on swelling ratio. The relative ability of erythritol (four hydroxyl groups) to form hydrogen bonds with water molecules in the prepared film increases its swelling characteristics.
The hydrophilic nature of glycerol may be also attributed to the formation of hydrogen bonding between the three hydroxyl groups of glycerol and water molecules. According to this consideration, glycerol had the lowest effect on swelling ratio.
The obtained results are in good agreement with those obtained by Nakaisuka and Andrady 13 and that of Blair et al. 19 who have studied the effect of blending PVA on the swelling ratio of chitosan films and reported that by increasing the amount of PVA there is an increase in the swelling ratio Q.
Effect of inclusion of different polyols on drugs release pattern
The effect of the nature of different types of plasticizers on the release of Ketorolac tromethamine from chitosan films was studied.. The concentration of each plasticizer was 20% w/w of dry film and each film contained 100 mg ketorolac tromethamine. The obtained results are depicted in Tables (2&3) and in Figure (7) . When the medicated plasticized chitosan films were immersed in phosphate buffer, two factors would be taken into consideration to explain the effect of plasticizer content on drug release profile. The first is the solubility of the plasticizer in water (i.e. the probability of hydrogen bonding between the plasticizer and water molecules), while the second was the extent of forming channels or pathways through the plasticizer which could be leached from the polymeric matrix.
The mechanical properties of chitosan L* films for the investigated plasticizers could decrease the degree of compactness of polymeric matrix due to their binding with polymer molecules and consequently forming pores in the polymeric matrix. Figure (7) shows the effect of different plasticizers on the release of the drug from chitosan films. This effect can be arranged in the following order:
Soribtol is the most hygroscopic, and water soluble one (i.e. most hydrophilic) with respect to other investigated plasticizers. It facilitates the hydration of the film upon exposure to the release medium and consequently more channels would be created in the film. The hydration of sorbitol will enhance its leaching from the film through a hydrated network of channels connecting the upper and lower surfaces of the film. This assumption of soribtol leaching throughout the film may explain the spongy wetted appearance of the film at the end of experiment 20 .
It could be also concluded that erythritol and glycerol would also be leached through a continuous hydrated capillary network of channels, which is a major characteristic for all tested plasticizers. The wetted spongy feature of the film at the end of experiment confirmed this assumption.
Statistical analysis
Table (4) shows the statistical analysis of SPSS software package (version 9) (SYSTAT statistical program), which indicates that significant results of the studied invitro release of the drug from Correlation is significant at the 0.01 level (2-tailed).
Conclusion
Drug loaded films based on chitosan and three different polyols as plasticizers were produced by a casting/solvent evaporation method. With Ketorolac tromethamine as a model drug, we studied the physicochemical characteristics of the prepared films as well as the release of the drug from the prepared films. The tensile strength was decreased while the percent of elongation was increased. Glycerol films were more flexible compared with other plasticizers, on the other hand, the swelling ratio and the in-vitro release increased with soribtol films. The chemical structure of plasticizers affect both the physcomechanical properties as well as the in-vitro release. Thus, in the future work, we can prepare films which lead to successful application for local as well as systemic drug delivery.
